This paper explores the incentives for backyarding, an expanding category of urban land-use in developing countries that has proliferated South Africa. The theoretical model exposes the trade-off faced by the homeowner in deciding how much backyard land to rent out: loss of yard space consumption in return for a gain in rental income. Under common forms for preferences, the homeowner's own-consumption of yard space falls as land rent increases, causing more land to be rented to backyarders. With better job access for backyarders raising land rent by increasing their willingness-to-pay, the analysis then predicts that the extent of backyarding will be higher for parcels with good job access. This hypothesis is tested by combining a satellitebased count of backyard dwellings per parcel with job-access data. The empirical results strongly confirm the prediction that better job access increases the extent of backyarding.
Introduction
An emerging land-use practice, "backyarding" or backyard housing, has proliferated in South Africa and is expanding in other developing countries. Under this practice, an existing formal homeowner rents a portion of his yard area to occupants who live in a dwelling constructed either by formal or informal methods (yielding a backyard shack in the latter case). The presence of backyarding indicates that existing homeowners (mainly recipients of government-subsidized housing) view their yard areas as excessive at prevailing land rents, encouraging them to reduce their consumption of yard space in return for cash. Despite its emergence as the fastest growing housing type in South Africa, backyarding remains poorly understood. Moreover, it represents a unique mixture of informal and formal land-tenure modes that has not yet been recognized in the economics literature on housing in developing countries. The present paper adds to the literature on housing markets in the developing world by providing an economic analysis of backyarding, developing a theoretical model whose predictions are then tested empirically. The paper thus represents the first treatment in the economics literature of this previously unrecognized mixture of tenure modes. 1 An appreciable share of South Africa's population, particularly the urban population, lives in backyard dwellings. According to Statistics South Africa, the number of households living in either formal or informal dwellings in backyards has increased from 1.135 million in 2011 (7.3% of the country total), to 1.835 million in 2016 (12.5% of the total). Backyarding is predominantly an urban phenomenon, with 84.2% of households that live in backyard dwellings residing in urban areas (as defined by Statistics South Africa as of 2011). Households living in backyards constituted 8.9% of urban households in 2011, rising to 13.4% by 2016. In contrast, the number of households living in informal settlements declined both in absolute and relative terms, from 9.8% of urban households in 2011 to 8.7% in 2016.
The durability of housing capital limits the adjustment of urban densities as population growth raises housing demand, and backyarding can be viewed as an efficient way of overcoming this limitation. With the durable housing stock fixed in the short run, backyarding allows an incremental increase in housing supply without the need to redevelop existing structures at higher densities, an adjustment that might take decades to unfold. The backyarding phenomenon may also indicate that yard areas in government-subsidized housing, where backyarding is most common, were too large from an overall efficiency perspective, with backyarding providing a correction to this original misallocation of resources. 2
The theoretical model developed in the paper depicts the homeowner's backyarding choice, where the amount of yard area rented to backyard households is chosen. 3 In making this choice, the homeowner trades off rental income against the loss of yard space for his own consumption.
A higher land rent raises the "price" to the homeowner of a unit of yard-space consumption (the forgone income from renting it), generating the usual income and substitution effects.
But the resulting negative effect of rent on own-consumption of yard space is offset by an additional positive effect that arises through an increase in the homeowner's "full income" (labor income plus income from renting the entire yard area). As a result, the effect of land rent on the amount of land rented out, and thus on the extent of backyarding, is ambiguous in general. This ambiguity is not present, however, when the homeowner's preferences take the Cobb-Douglas or the more-general CES forms. In these familiar cases, a higher rent decreases yard-space consumption, raising the amount of yard area rented out and thus the extent of backyarding.
With backyarders willing to pay more for land near employment centers, the rent they offer rises with job access. Since higher rent means more land for backyarding (under standard preferences), it follows that the extent of backyarding rises with job access. This connection between backyarding and job access constitutes the main empirical prediction of the model. The prediction must be slightly qualified, however, when homeowners also make commute trips. In this case, good job access raises the homeowner's disposable income net of commuting costs, reducing his willingness to rent out yard space. However, under the assumption that homeowners have less labor-market attachment than backyard renters (which seems true empirically), the positive effect of job access on backyarding is preserved. The paper's empirical work adds to a large empirical literature on housing in developing countries, but there is little precedent for the actual empirical exercise that we carry out and thus little direct connection to any previous paper. 4 The empirical work is mainly devoted to testing the job-access prediction, and it relies on a number of data sets sourced from Cape Town's city government. The first data set comes from digital aerial photography and highresolution satellite images, which give point locations of buildings along with an associated land-use classification per building, including informal uses. We overlaid these spatial data on a digital map of land-parcel contours from the City of Cape Town's cadastre, yielding a count of the number of backyard dwellings per land parcel. After various exclusions, our data set consists of 551,421 sample parcels. Backyarding usually involves a single dwelling, but many land parcels have multiple backyard structures.
Two additional data sets are combined in order to measure job access. The first contains employment counts by transportation zone within Cape Town. With almost 1,800 zones delineated, employment across space is finely measured. The additional data set consists of origin-destination matrices showing commute travel times between each pair of Cape Town transportation zones, with separate matrices for different modes. After assigning parcels to transportation zones, this travel time information is used to compute several gravity-type jobaccess measures for each parcel in the sample. Then, using a Poisson regression, the parcel-level backyarding count is regressed on a job-access measure and several additional covariates. The results strongly support the model's prediction that the extent of backyarding rises with job access.
The paper is organized as follows. Section 2 presents background information on the backyarding phenomenon. Section 3 presents the theoretical analysis, and section 4 describes the data sources. Section 5 describes the empirical framework and presents summary statistics, while section 6 presents the empirical results. Section 7 offers conclusions. 
Background information on backyarding

General features
Backyarding usually occurs on a small scale, rarely involving more than one or two selfcontained dwellings constructed in the back yard of a formal dwelling. Whether constructed from permanent or non-permanent building materials, these self-contained units are distinct from secondary dwellings (e.g., flatlets) developed in compliance with planning regulations. By sharing external services such as water taps, electricity connections and outside toilets with the landlord in return for rent, the overall quality of accommodation for backyard residents is significantly better than that available in informal settlements (Beall, Crankshaw and Parnell, 2003) . The photograph in Figure 1 shows a parcel in Cape Town's Gugulethu township with two backyard shacks, with the main house seen on the left.
The proliferation of backyard dwellings in Cape Town corresponds closely to the roll-out of government-subsidized and fully serviced housing properties, where surplus yard space created the opportunity for additional one-or two-room structures to be developed by the landlord, to accommodate family or earn rent.
Backyarding in Council housing
The earliest occurrence of the backyarding phenomenon can be traced to the roll-out of Council housing during the 1950s and 1960s, which was intended to accommodate migrant labor of black African and mixed descent during the height of Apartheid. Rental housing for families of mixed descent offered enough backyard space for tenants to supplement their incomes by building additional dwellings to accommodate relatives, who paid in kind (rather than through rent). Units assigned to black African households were of a highly standardised "matchbox" design: a free-standing, single-storey house with an internal floor space of between 40 and 44m 2 , situated on a plot of at least 100m 2 (Beall et al., 2003) . In black African townships, these dwellings were typically intended to accommodate paying tenants rather than relatives (Lemanski, 2009 ). These distinctions, however, weakened with time. Turok and Borel-Saladin (2016, p. 11 ) describe backyarding as a "safety valve to absorb the pressure of popular demand to access urban livehoods". As a result, in contravention of planning legislation, municipal authorities adopted a laissez-faire stance as backyarding grew during the 1970s and 1980s. This trend accelerated further following the relaxation of Apartheid-era influx-control laws during the 1980s, which precipitated the first major wave of urbanization in South Africa. By 1994, 87% of houses in two large black African townships in Cape Town contained shacks constructed in the backyard (Lemanski, 2009) . In one of them, Gugulethu, the number of backyard dwellings (9981) outnumbered formal houses (8156) (Lee, 2005) .
Backyarding in RDP housing
The second, larger wave of backyarding expansion occurred following the ambitious public housing program launched after the country's first democratic elections in 1994. Under the auspices of the Reconstruction and Development Program (RDP) and its successor, Breaking New Ground (BNG), the State constructed over a million fully serviced houses across South Africa. Following a standard format with a 40m 2 dwelling on a serviced residential land parcel averaging 160m 2 in size, the roll-out of so-called "RDP houses" greatly expanded the opportunity for backyarding throughout urban areas.
Landlord and tenant incentives
The improvement in living conditions enjoyed by the RDP household was rarely accompanied by an improvement in its economic prospects. In fact, the peripheral location and dormitory nature of the sprawling RDP housing settlements often resulted in poor job accessibility. In response, housing recipients became landlords by erecting and then renting out informal dwellings in their backyards. In doing so, they successfully exploited one of the few resources at their disposal: space (Govender, Barnes, and Pieper 2011) .
Why do poor people live in backyard dwellings, dependent on landlords and liable for rent, rather than moving to an informal settlement and experiencing an independent and rent-free lifestyle? The principal reasons appear to include better access to services, better locations, a reduced threat of eviction, and greater personal safety (Tshangana, 2014 , Lemanski, 2009 ).
For poor households dependent on irregular and informal employment, backyard dwellings offer a degree of locational flexibility in response to economic opportunities not available with static residence in a peripheral, dormitory RDP settlement (Lemanski, 2009) . Such locational flexibility is particularly attractive to newly urbanized job-seekers who want proximity to job opportunities (Lemanski, 2009) . Perhaps counter-intuitively, both official statistics and case studies confirm that the economic and educational profiles of backyard dwellers are superior to those of their landlords (Govender et al., 2011) . In addition, 2011 Census data analysed by Rabe (2017) show that backyard dwellings in Cape Town are more likely to contain a single person, and less likely to contain more than four persons, than the average dwelling in the city, consistent with the view that backyard households are more mobile than the general population.
Moreover, a study of backyarding in Greater Soweto (Johannesburg) indicated that backyard tenants are significantly younger than their landlords (36 vs. 56 years for household heads) and more likely to be foreign immigrants (Beall et al., 2003) .
Theory
The section develops a theoretical model and derives hypotheses on backyarding patterns.
These predictions are then tested in the empirical analysis.
Model
In the model, the characteristics of the existing formal house are taken as given, having been determined under the RDP program or by other past formal housing development decisions.
The fixed floor space of an existing house is denoted q and the yard area is denoted y. With a single-storey house, the formal lot size is then q + y. Letting y denote the consumption yard space, which may be less than y, and c denote nonhousing consumption, the formal homeowner's well-behaved utility function is u(c, y, q). Let I denote the homeowner's income net of any commuting cost and let r denote land rent, which may depend on location (sections 3.3 and 3.4 below analyze locational effects). Then, assuming the house is owned outright, so that no current payments are required, the budget constraint is
where r(y − y) is the income from renting out yard space. 5 Note that the rented space equals the size y of the yard minus own-consumption y, which is multiplied by land rent r to get rental income. Observe also that this formulation assumes that, by renting out less than his total yard area, the formal homeowner can still enjoy the benefits of some open space around his house. Substituting (1) into the utility function, while recognizing that floor space stays fixed at q, utility can be written as
Utility in (2) is maximized by choice of y, and the first-order condition is
where subscripts denote partial derivatives and MRS denotes the marginal rate of substitution between yard space and c. This condition says that the MRS is set equal to the opportunity cost of yard space, namely, the rent forgone by consuming an extra square foot of y. The next section carries out comparative-static analysis of the decision problem, showing how the yard-space choice depends on the parameters of the problem, most importantly r and I.
Comparative-static analysis
Note first that, if the MRS exceeds r when y equals y, so that the value of the first rented unit of yard space exceeds its opportunity cost, then no yard space is rented, with y = y.
Conversely, if the MRS is less than r when y = 0, then every marginal unit of yard space is valued at less than the opportunity cost, so that the entire yard is rented out. Assuming that neither of these conditions holds, so that an interior solution obtains, comparative-static analysis can then be carried out. 6 Totally differentiating (3) with respect to y, I, r, y, and q
where the subscripts denote the partial derivatives of MRS.
It is straightforward to show that the term multiplying dy (−MRS c r + MRS y ≡ Ω) is negative when the utility function has strictly convex indifference curves. 7 In addition, normality of y implies MRS c > 0, so that the absolute indifference-curve slope (given by MRS) becomes steeper moving vertically toward higher c's in the (y, c) plane (y is on the horizontal axis).
Then, as an increase in I or an increase in y shifts the budget constraint (1) upward in parallel fashion, the tangency between the steepening indifference curve and the constraint will move to the right. Thus, using (4),
so that higher homeowner income or a higher y causes more yard space to be consumed. Less yard space is therefore rented out when income increases, with y − y falling, although y − y could rise or fall when y increases, given that both y and y increase.
Using (2), the effect of higher land rent on y is given by
The effect of r is thus ambiguous, with either more or less yard space consumed as rent rises.
The reason is that the usual negative substitution and income effects of a higher rent (captured respectively by the −1 and −MRS c y terms in the numerator of (6)) are offset by an additional positive income effect that arises because the "full income" of the consumer (I + ry) rises with r (captured by the MRS c y term).
The ambiguity can be seen in Figure 2 , which shows the change in the budget line when r increases. If y = y in (1), then c = I holds regardless of the value of r, so that the bottom endpoint of the budget line is fixed at (y, I). If y = 0, then c = I + ry, so that the c intercept of the budget line rises when r increases, with the line rotating clockwise. Depending on how rapidly the indifference-curve slope increases moving vertically (or on how large MRS c is), the indifference-curve tangency could move either to the right or left as a higher r rotates the budget line upward. The figure shows the former case. Note that, while the steepening of the budget line is the same as in the usual case of a price increase for the good measured on the horizontal axis, the difference in Figure 2 is that the budget line rotates upward around its fixed lower endpoint rather than downward around a fixed vertical intercept. This upward rotation generates the additional income effect that is not present in the usual case.
The sign of the r derivative in (6) can be checked for specific utility functions. With
Cobb-Douglas preferences (u = c α y γ q θ ),
so that y decreases with r.
where k > 0 is a constant and 1/(β + 1) > 0 is the elasticity of substitution. Again, y decreases with r. Thus, with y decreasing with r in both cases, higher rent causes more yard space to be rented out (y − y rises).
Finally, using (4), the effect of q on y is given by
with sign of MRS q being ambiguous. MRS q depends on two cross-derivatives of the utility function, u yq and u cq , which are ambiguous in sign and depend on the nature of the complementarities between the pairs of goods.
Job access and backyarding
The land rent r on which the formal homeowner bases his backyarding decision is determined by the willingness-to-pay of renters. Let M denote renter income, and let T x denote commuting cost from a location x miles from the employment center (T is cost per round-trip mile per period). Then M − T x is the renter's disposable income, which supports nonhousing consumption C and housing consumption Q (upper case letters denote renter values). Note that with a single-storey backyard structure, Q is equal to the amount of backyard land rented.
Assuming that backyarders do not acquire open space for themselves, their well-behaved utility can be written V (C, 0, Q), with the Y argument set equal to zero. The renter's budget constraint is C = M − T x − rQ, and substituting in V , the first-order condition for choice of Q is V Q /V C = r. In addition, rent must vary across locations x to insure locational indifference among renters. Renter utility must therefore be spatially uniform, with
where v is a constant. Together, this condition and the first-order condition determine Q and r as functions of the model parameters, most importantly
x and v, as in the standard urban model (see Brueckner (1987) ). Totally differentiating the uniform-utility condition and then substituting the first-order condition yields the standard condition ∂r/∂x = −T /Q, indicating that rent falls moving away from the employment center.
This conclusion can be used to investigate the spatial pattern of backyarding. Suppose for the moment that the formal homeowner does not commute to work, so that I is independent of x. Suppose also that ∂y/∂r < 0, as in the Cobb-Douglas and CES cases. Then, with r falling as x increases and y inversely related to r, it follows that y increases with x, so that homeowners consume more yard space, renting out less, farther from the employment center.
In other words, dy/dx = (∂y/∂r)(∂r/∂x) > 0. 8
The analysis is more complex if the formal homeowner is also a commuter, in which case I = m − tx, where m is wage income and t is commuting cost per mile per period for the homeowner. Now, both I and r fall with x, so that the derivative
is ambiguous in sign. Some clarity can be gained in the Cobb-Douglas case, where y depends on the ratio I/r = (m − tx)/r (see (7)). Differentiating this ratio with respect to x,
where means "same sign." Since rQ = γ γ+α (M − T x) in the Cobb-Douglas case, the term in parenthesis in (11) equals
To sign (12), suppose that income and commuting-cost differences arise only because homeowners and renters make different numbers of commute trips, showing different degrees of attachment to the labor market (with renters presumably, but not necessarily, making more trips). Accordingly, suppose that each group earns income w per trip and has cost s per mile per trip, while renters make F trips and homeowners make f trips.
The second ratio term in (12) thus equals 1, and since (γ + α)/γ > 1, (12) is positive and hence dy/dx > 0 holds in (11). Summarizing yields Proposition 1. If preferences are Cobb-Douglas and if income and commuting-cost differences between homeowners and renters arise only because of different numbers of commute trips (indicating different degrees of attachment to the labor market), then homeowners rent out more backyard space at locations with better job access.
This conclusion would hold, of course, under other conditions that make (12) positive.
It is interesting to note that, with minor amendments, the model developed so far would also apply to a homeowner's decision to rent out one or more rooms in his owner-occupied house. The trade-off is then between the lost use of floorspace in the house and the gain from rental income. Therefore, the analysis could provide insight into rentals of this type in the cities of the developed world, including the use of services like Airbnb.
Determination of equilibrium land rents
While the preceding analysis involves the slope of land rent as a function of x, the level of r remains to be determined. This level depends on the renter utility level v, which is determined by an equilibrium condition stating that the renter population, denoted N, fits in the available space.
To develop this condition, let r(x, v) and Q(x, v) denote land rent and renter housing consumption as functions of x and v (dependencies noted above). It is easily seen that ∂Q/∂x > 0, as in the standard urban model, and that ∂r/∂v < 0 and ∂Q/∂v > 0. In addition, let y(r(x, v), m − tx) denote the homeowner's yard consumption as a function of r and I. Then the renter population density at distance x from the employment center is
The first ratio term in (13) equals the number of backyarders per formal dwelling, given by yard space rented out (y − y) divided by land area per backyard dwelling (Q). 9 The second ratio is formal dwellings per unit of total land area (recall that q + y is formal lot size). If dy/dx > 0, then the number of backyarders per formal dwelling decreases with x since the numerator of the first ratio in (13) is decreasing in x and Q is increasing in x. With the second ratio constant, renter population density then falls as distance to the center increases.
It is important to note that the first pattern (a decline in backyarders per parcel as distance increases) is the basis for the empirical work, which uses a count of backyard dwellings.
Let [x 0 , x 1 ] denote the range of locations where backyard space is available. Then, assuming a circular city, the equilibrium condition that determines the utility level v is
In standard fashion, the LHS of (14) is the number of renters fitting in the available backyard space, equal to the integral of renter population density times total land area over the relevant distance range. Note that this condition reflects the assumption that backyard land has no alternative use aside from occupancy by renters, implying that the entire range of potential locations will be occupied. As a result, the urban boundary condition usually seen in urban models is not present. 10
Comparative-static analysis based on (14) can show the effect of parameters such as N on the utility level v. Since ∂D/∂v < 0, it follows that v must fall when the renter population N rises. With ∂r/∂v < 0, rent then rises at all locations, reflecting the greater demand pressure from a larger renter population. With ∂y/∂r < 0, yard space rented out then rises, helping to eliminate the excess demand for housing due to the larger N.
Data sources
As explained in the introduction, the paper relies on three data sets to explore the link between backyarding and job access: a count of backyard dwellings per parcel drawn from satellite data, job data at the level of transportation zones, and origin-destination trip-time matrices. The sources of these data sets are described below.
The satellite data, provided by GeoTerraImage ( 
Empirical framework, variables, and summary statistics
The sample consists observations on 551,412 parcels in Cape Town, with the variable count denoting the number of backyard dwellings for the parcel. This sample was derived from a larger data set consisting of more than 850,000 observations by dropping parcels whose size was above the 70th percentile in the distribution of sizes, equal to 762m 2 , a value that is over five times the size of typical RDP lot. This restriction eliminates about 255,000 observations, reducing the sample to 595,000, with the loss of only about 1,000 observations with backyard dwellings (thus allowing a better focus on the backyarding phenomenon). Deletion of observations outside a broad residential property type eliminates an additional 30,500 observations, with missing data accounting for the rest of the reduction in the sample size. The map in Figure 3 shows the distribution of backyarding across Cape Town, with the counts shown being generated from aggregations of transportation zones, and Figure 4 shows a neighborhood view. i /z i !, where z i is the value of the variable for observation i and λ i is the expected value of the variable, which depends on the explanatory variables. Assuming a log-linear model, λ i = exp(ω g i ), where ω is a coefficient vector and g i is the vector of explanatory variables.
Four explanatory variables appear in the regressions. Two are dummy variables for the SR1 and SR2 zoning categories, which are more likely to contain parcels with backyarding than other categories (the variables are sr1 and sr2). The third variable is a job-access measure, explained further below. The fourth is parcel area, equal to the parcel area in square meters. At first, one might expect that larger parcels would contain more backyarders, but the likelihood that larger parcels have higher-income homeowners, who are less likely to rent to backyarders, can reverse this expectation. Recall from (5) that y depends positively on y as well as on income I and rent, so that y(·) in (13) can be rewritten as y(r, I, y). But assuming that I is increasing in y (being written I(y)), the amount of yard space rented out is y − y = y − y(r, I(y), y). The total derivative of this expression is then
Since ∂y/∂y > 0, the sign of the first two terms is ambiguous (as noted earlier), but since ∂y/∂I > 0, the remaining term is negative if ∂I/∂y > 0, as assumed. While the overall effect of y remains ambiguous, this inverse association between I and y thus increases the likelihood that (15) is negative and that backyarding rises as y falls. Therefore, a negative coefficient for parcel area may well emerge. 14 The job-access variables are computed using the trip-time origin-destination matrix, which is based on transportation zones (almost 1800 in number), along with data on zone-level jobs. 15 We use two job counts: total jobs in a zone, and jobs in the lowest income category among the four categories tabulated. The first job-access measure takes a gravity form, with access from zone i given by A i = j jobs j /time ij , where time ij is trip time from zone i to zone j and either total or low-income jobs is used. The other access measure is the number of either total or low-income jobs within X minutes of zone i, where X = 45, 60, 90, 120. Trip times are for two different alternate modes: minibus/taxi, which are small buses that constitute the main commute mode for low-income South Africans, and regular bus. The job-access variables are thus denoted jobs K X B, where K = total, lowinc, X = grav, 45, 60, 90, 120, B = taxi, bus, with an example being jobs total 45 taxi (grav denotes the gravity measure). The map in Figure 5 shows the distribution of low-income jobs across Cape Town, with the counts again based on aggregations of transportation zones. Table 3 contains the summary statistics for the variables. The mean value of count equals 0.323, reflecting the large number of zeroes in Table 1 , the mean of parcel area is 302.22m 2 , and the mean distance of parcels from the Cape Town CBD is 21.1 km. The job-access measures show that jobs within X minutes of a parcel rise with X and that the low-income job access values are smaller than those for total jobs, both as expected. Even though minibus/taxi is a more popular mode for low-income residents, Table 1 shows that job access by bus is uniformly better than by minibus/taxi (only two X values, 45 and 60 minutes, are used for bus).
Results
Since distance to the CBD is a standard measure of job access, it is useful to start by investigating the connection between backyarding and distance to Cape Town's CBD. If CBD distance is a good job-access measure, then backyarding should fall as distance increases. The approach is to run an ordinary least-square (OLS) regression that has count as the dependent variable and uses dummy variables for various 5-mile distance ranges as the explanatory variables, an approach that allows flexibility in the count/distance relationship. The results are shown in graphical form in Figure 6 . As can been seen, backyarding is mostly increasing with distance to the CBD, in contrast to the predictions of the model. When the sample is restricted to SR1 and SR2 parcels, where most backyarding occurs, the relationship is approximately U-shaped beyond an initial short range where no backyarding is present (Figure 7 ), again in contrast to the model predictions.
After inspecting the maps in Figures 3 and 5 , these results come as no surprise. Figure 3 shows that little backyarding occurs near the CBD, even though it contains an appreciable concentration of low income jobs. Backyarding instead seem to be occurring near the substantial job concentrations that exist outside the CBD, which are clearly seen in Figure 5 . To measure the attractive force of these job concentrations, we use the superior job-access measures from given that the job-access variables are zone specific, thus not varying across parcels within a zone. Failure to cluster the standard errors leads to very large t-statistics that greatly overstate the true precision of the estimates. Table 4 shows the Poisson regressions using the access measures for total jobs and the minibus/taxi mode. The coefficients for parcel area are all negative and strongly statistically significant regardless of which access variable is used, showing that backyarding is more common for smaller parcels where the homeowner's income is likely to be lower, as argued above. The coefficients of the sr1 and sr2 dummy variables are also positive, indicating that backyarding is more common for these property types, as already seen in Table 2 . Note that the sr2 coefficient is more than double the size of the sr1 coefficient, reflecting the greater backyarding incidence for SR2 versus SR1 properties.
Turning to the job-access variables, the estimated coefficients of all the variables except jobs total 120 taxi are positive and statistically significant, showing that better job access indeed raises the extent of backyarding. These findings show the importance of controlling for parcel size along with SR1 and SR2 status in isolating the job-access effect. The insignificance of the 120-minute access coefficient probably reflects the long trip time, which, by allowing access to most of the city's jobs regardless of the parcel location, yields too little access variance across parcels to generate a significant effect. 16 Table 5 shows the Poisson results using the access measures for low-income (as opposed to total) jobs and the minibus/taxi mode. The results are similar to those in Table 4 except that the 90-minute job access coefficient is now only marginally significant, at the 8% rather than the 5% level. Nevertheless, the lesson of this table is again that better job access increases the extent of backyarding, as predicted by the theory. 17 Table 6 shows the results using selected job-access measures for the bus mode and both total and low-income jobs (the gravity, 45-and 60-minute variables are used). While the parcel area and sr1 and sr2 coefficients show little change, three of the job-access coefficients are now insignificant (both gravity coefficients, as well as the 60-minute total-job coefficient).
This pattern may make sense given the lower reliance of low-income Cape Town residents on bus transportation relative to the minibus/taxi mode. Table 7 shows results when the sample is restricted to SR1 and SR2 parcels, where backyarding is most common, using the same job access variables as in Table 6 , but with taxi in place of bus. The parcel area coefficients are all again negative and significant, while the sr2 coefficient is positive (SR1 parcels are now the default). Five of the six job-access variables have significant coefficients, with the jobs total grav taxi coefficient marginally significant at the 6% level. Again, the lesson is that better job access spurs backyarding. 18
If the sample is restricted to just SR2 parcels, the coefficient of parcel area becomes positive. This outcome makes sense given that Census data show SR2 areas as mostly composed of black households with presumably similar incomes, weakening the assumed correlation between parcel size and income. With parcel size no longer a good proxy for income, the offsetting parcel-size effect (the ability of larger parcels to accommodate more backyarders) is able to dominate.
The marginal effects of the variables are shown in Table 8 , using the regression from Table   5 with access variable jobs lowinc 60 taxi. The table shows the hypothetical change in the explanatory variable along with the percentage change in the expected number of backyarders.
A 50m 2 reduction in the parcel size (from a mean of 302) leads to a 10% increase in the expected number of backyarders, while a 38,000 increase in the job-access variable (equal to one standard deviation from Table 3 ) leads to an 11% increase in the expected number of backyarders. Changing a parcel from non-SR1,SR2 status to SR1 or SR2 status raises the expected number of backyarders by 61% or 220% respectively. The marginal effects from the other regressions are similar in magnitude.
To get a sense of the meaning of these percentage changes, recall that the mean of the count variable is 0.323. The 11% increase in the expected number of backyarders due to improved job access translates almost exactly into 11% of this mean, or 0.035. The implication is that the job-access improvement leads approximately to an extra 1/30th of a backyarder per parcel, or a new backyarder for every 30th parcel. The impact of the 50m 2 decrease in parcel area (which yields a 10%, as opposed to 11%, increase in the expected number of backyarders) is very similar.
Conclusion
This paper explores the incentives for backyarding, an expanding category of South African land-use. In doing so, the paper provides the first treatment in the economics literature of a new category of land-use in developing countries, which represents a unique mixture of informal and formal tenure modes. The theoretical model exposes the trade-off faced by the homeowner in deciding how much backyard land to rent out: loss of yard space consumption in return for a gain in rental income. In exploring the impact of land rent on the homeowner's rental decision, the analysis shows that higher rent raises the opportunity cost of own-consumption of yard space (depressing it), but that the gain in rental income from higher rent has the opposite effect, leading to an ambiguous net impact of rent on consumption. Under common forms for preferences, however, the homeowner's own-consumption of yard space falls as land rent increases, causing more land to be rented to backyarders. With better job access for backyarders raising land rent by increasing their willingness-to-pay, the analysis then predicts that the extent of backyarding is higher for parcels with good job access.
This hypothesis is tested by combining a satellite-based count of backyard dwellings per parcel with job-access data, which come from job data at the level of transportation zones together with an origin-destination matrix showing trip times between zones. The empirical results strongly confirm the prediction that better job access increases the extent of backyarding. In addition, the estimated inverse relationship between backyarding and parcel size suggests that lower homeowner income (associated with small parcels) may spur backyarding, as also predicted by the model.
Thus, using information from a number of remarkable data sets, the paper provides unique insights into a land-use practice that is mostly absent in developed Western countries, even though it bears some resemblance to room rentals by homeowners under an Airbnb-style ar-
rangement. An understanding of the forces that drive the backyarding phenomenon, particu-larly the link to job access, is potentially useful to South African city planners as they attempt to manage the evolution of their urban areas. For example, transport policies that increase job access would lead to more backyarding in the affected areas, while policies that raise employment for homeowners would reduce it. Planners should also recognize that, even though backyarding may be technically illegal and often unsightly, it generates short-run efficiencies by raising the density of land-use in response to higher housing demand, without the need for wholesale redevelopment of the housing stock (an adjustment that would occur over a longer period). Selod and Tobin (2018) offer a related analysis that explores a tenure-security continuum offered by different kinds of property rights in Mali.
2 A Brazilian colleague pointed out that slum residents in Brazil will sometimes rent out the rooftop of their house for construction of an additional informal dwelling, an alternative approach to raising neighborhood density.
where ∂c/∂y is the change in c as y increases. Since ∂c/∂y equals −MRS, which in turn equals −r from (3), the expression above equals Ω. For the indifference curve to become flatter moving downhill along it (for the curve to be convex), MRS must fall, or Ω < 0.
8 If ∂y/∂r > 0 holds, this pattern would be reversed.
9 Note that the model allows the number of backyard renters per formal homeowner to be a fractional value, ignoring the integer requirement.
10 The equilibrium condition in (14) ignores other informal housing in the city. To take such housing into account, suppose that inferior access to utilities in non-backyard informal housing leads to a rent discount, with rent given by r(x, v) = r(x, v) − ρ. In response to this lower rent, informal land consumption outside the backyard area will be Q(x, v), larger than Q(x, v). Let D(x, v) = 1/ Q(x, v) denote non-backyard informal population density, and let x > x 0 and x ≤ x 1 denote the outer and inner ranges of the non-backyard informal area, which includes land outside the backyard area and possibly inside of it as well (closer to the job center). Then the population fitting inside the backyard and non-backyard informal areas equals the LHS of (14) plus
2π D(x, v)dx. The new equilibrium condition requires that this amended expression equals N, which now denotes the overall informal population. Assuming that x is exogenous, so that informal sector does not compete with the formal housing sector located inside x for access to land (as in Brueckner, 1996) , only one additional equilibrium condition is needed. This condition says that informal rent at the edge x of the city equals the agricultural rent r a , so that r(x, v) = r a . Together, these two conditions determine x and v. Comparative-static analysis based on these equilibrium conditions yields the same conclusions regarding backyard housing as those coming from (14).
14 This analysis holds the size q of the main dwelling fixed as y varies, so that parcel area q + y varies in step with y. Suppose instead that larger yards are associated with larger dwellings, with q = ρy. Then the derivative of y with respect to parcel area equals 1/(1 + ρ) times dy/dy. But dy/dy now includes a new term capturing the effect of q on y, with the RHS of (15) now including −(∂y/∂q)(∂q/∂y) = −ρ∂y/∂q. Given (9), this expression is ambiguous in sign. However, the negative income effect in (15) still provides a force that tends to make backyarding fall as parcel size rises.
15 The backyard count variable is generated for 990 of these transportation zones, with the omitted zones lying outside the low-income areas that contain informal backyard structures.
16 It could be argued that the job-access measures are endogenous in that taxi service to areas with substantial backyarding is better, providing more-direct routes to job sites (routes from sparse areas may detour to collect additional passengers). Even though we do not find this argument very convincing, we ran Poisson regressions with gravity job-access measures based on straight-line distance rather than travel time, one for total jobs and one for low-income jobs. The job-access coefficients in both regressions are only marginally significant, but we view this outcome as due to the inferiority of the distance-based variables rather than as evidence of endogeneity.
17 The qualitative results in Tables 4 and 5 are unchanged when the job-access measures are computed using the natural logs of total and low-income jobs.
18 Land value data per square meter for vacant residential land has been derived from the City of Cape Town 2015 Valuation Roll. Average land value is computed for transport zones with a representative sample of vacant residential properties (designated as E04 by the City of Cape Town Valuation Department). When this land-value measure is used in place of the job-access variable in the Poisson regressions, the results are unsatisfactory. However, since these land values show little relationship to job access for SR1 and SR2 parcels, it appears that they do not capture the willingness-to-pay for land of backyarders, perhaps being more representative of the formal land market. As a result, the land-value data are not very useful in testing the hypotheses suggested by the theory.
